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которых можно представить примерный объёмный образ параболической ванны 
расплава,  а также восстановить поверхностную ширину треков: 160–200 мкм.  
Средствами пакетов Digimat и Ansys проведён расчёт  температурного поля, 
реализуемого в процессе 3D печати. Аппроксимация по времени производится 
путём разбиения на квазистационарные шаги [1]. Общее уравнение баланса 





= ∇ ∙ (𝑘∇𝑇) + ?̇?,     (1) 
 
где ρ –  плотность, С – удельная теплоемкость, k – теплопроводность, ν – ско-
рость, а ?̇? представляет собой мощность источника тепла. 
Модель облучения получена из совмещения цилиндрического и гауссового 
распределения энергии ЛИ [3]. 
 
?̅? = (1 − 𝑒−2)𝛼
𝑃
𝜋𝑅2
= 0.864𝛼 × 𝑞𝑐𝑦𝑙,    (2) 
где P–мощность лазера, R– радиус пучка. 
Результаты моделирования согласуются с экспериментом, а также дают сле-
дующую дополнительную информацию о процессе: температурный градиент 
смещается в сторону сплошного материала, проплавление порошка около 
55 мкм, влияние стальной платформы построения нивелируется первым слоем 
порошка в 40 мкм. 
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The results of XPS measurements (core levels and valence bands) of ITO/TiOx 
thin films prepared from titanium butoxide (C16H36O4Ti) diluted in isopropanol which 
are used in organic photovoltaics device (ITO/TiOx/P3HT:PCBM/PEDOT:PSS/Ag) 
are presented. XPS Ti 2p and valence band spectra show the presence of additional 
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features which are absent in spectra of titanium butoxide deposited on Si and are at-
tributed to appearance of Ti
3+
 valence states in ITO/TiOx. This conclusion is con-
firmed by density functional theory electronic structure calculations of stoichiometric 
TiO2 and oxygen deficient TiO2-1/8. XPS C 1s measurements show the formation of C-
O and O-C=O bonds which evidence the presence of residual carbon which can draw 
oxygen from the film network and induce the formation of fraction of Ti
3+
 states in 
TiOx films. The formation of Ti
3+
 surface states in the band gaps can induce a reduc-
tion in the rate of recombination between electrons and holes, increase a photocatalyt-
ic activity and improve the photovoltaic properties. 
To conclude, we have studied Ti oxidation states in ITO/TiOx thin films prepared 
from titanium butoxide (Ti
4+
) diluted in isopropanol. The appearance of Ti
3+
 states in 
ITO/TiOx is proved by the measurements of XPS Ti 2p and XPS VB spectra and DFT 
calculations of stoichiometric and oxygen deficient TiO2. The measurements of XPS 
C 1s and O 1s spectra have shown the formation of C–O and O–C=O bonds which 
can draw of oxygen from the film network. By such way, the oxygen deficiency in 
TiOx is created and as a result, Ti
3+
 surface states can induce a reduction in the rate of 
recombination between electrons and holes and improve the photovoltaic properties. 
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FORMATION BIOCOMPATIBLE SURFACE OF THE TITANIUM 
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X-ray photoelectron spectroscopy (XPS) is used to study the effect of implantation of 
phosphorus and calcium ions on the structure and electronic structure of the surface of the 
titanium samples. After ion implantation of P
+
 and / or Ca
+
 the structures are formed on the 
surface of the samples which has favorable effect on the biocompatibility. 
 
